Abstract-RF characterization of InAs self-switching diodes (SSDs
Development of zero-bias terahertz (THz) detectors for imaging applications is driven by a search for higher bandwidth and sensitivity, the latter manifested through improved responsivity and noise performance. Compared to biased detectors, zero-bias detectors offer lower 1/f-noise and reduced dc power consumption. Room temperature zero-bias detection at frequencies above 100 GHz is today realized with Schottky diodes 1, 2 or Sb-heterostructure backward diodes. 3 An emerging device for zerobias detection is the self-switching diode (SSD) 4 . The SSD is a field-effect device where a nanometersized constriction acts as a channel for the charge carriers. Similar to the Schottky diode or Sbheterostructure backward diode, the SSD detection principle is based on a current-voltage nonlinearity. First demonstrated in InGaAs, 4 the SSD has since then been reported as a roomtemperature detector up to 1.5 THz in GaAs. 5 SSD detection has also been published for indium-tin oxide 6 , ZnO 7 , and recently GaN 8 , among other materials. Since InAs exhibits an electron mobility superior to all materials reported so far, higher operation frequency may be expected in an InAs-based SSD. Indeed, Monte Carlo (MC) simulations of InAs SSDs suggest a constant responsivity from DC to at least 2 THz. 9 In this work, RF detection experiments for InAs SSDs are presented. On-wafer measurements up to 315 GHz are presented, followed by detection at 600 GHz in a free-space set-up with an antenna-coupled SSD. Responsivity and detector noise properties are reported.
SSDs are defined by a two-dimensional geometry in a semiconductor. In this work, the SSD was defined in an InAs/AlGaSb heterostructure containing a 2DEG. The lateral SSD design is shown in Figure 1 . The channels, marked A in Figure 1 , connect source to drain. The channels are separated by flanges, marked B, which are connected to the drain contact. The SSD can be understood as a transistor where the flanges are gates, short-circuited to the drain. 10 When a negative voltage is applied to the drain, the biased flanges reduce the carrier concentration in the channel thus increasing the (channel) resistance. A non-linear current-voltage relation arises, well-known for InAs SSDs.
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The modulation of the channel resistance is enhanced by reducing the channel width W. 4 The effective channel width may be smaller than the physical channel width, due to depletion by surface charges. numbers for similar heterostructures. 16 All SSDs were designed with channel length L=1100 nm, separation S=350 nm, vertical trench width W v =100 nm and horizontal trench width W h =100 nm.
Channel width W and number of channels N were varied.
The non-linearity of the I-V characteristics is the basis for RF detection in SSDs. The asymmetric current defined as I(V)+I(-V)is plotted in Figure 2 for a device with W=35 nm and N=43. The inset
shows the I-V characteristics, which appears to be linear. While the asymmetric current is of the same magnitude as for other non-linear detectors such as Sb-heterostructure backward diodes 17 , it constitutes only around 3% of the total current in the InAs SSD. However, it is this small asymmetry that makes the InAs SSD a detector. Using a matching network between the source and the detector would increase the responsivity. . Comparing β opt to β v it is seen that for W=120 nm, β opt ≈ β v whereas for W=35 nm, β opt ≈2β v . This is due to the increased diode impedance for small W and thus an increased mismatch to 50 Ω. Moreover, Figure 4 suggests that both β v and β opt would improve if W was decreased further. . From W=120 to 35 nm, β opt increased from 6.1 to 34 V/W, corresponding to a factor 5.6 7 increase. By studying R 0 and γ, as shown in Figure 5 , it is seen that the improvement in β opt was due to an increase in both R 0 and γ. The increase in R 0 was a factor 2.8 (from 126 to 350 Ω) and in γ a factor 2.1 (from 0.10 to 0.21 V -1 ). The increase in γ is important since it shows that the increase in β opt is partly due to an increased modulation of the current through each channel, and not merely to an increased R 0 . An increased R 0 increases β opt , but makes matching increasingly difficult and has a less straight-forward effect on the detectors noise properties. 
